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I. INTRODUCTION
Porous concrete is special type of concrete wherein the fine aggregates are replaced by coursed aggregates without compromising its strength significantly. The pervious or porous concrete mixture is like a conventional concrete mixture, but the difference is the ratios of fine aggregate and coarse aggregate material used. The main intention of making a porous concrete is for the achievement of high void content, where in water is allowed to pass through easily through these voids and get absorbed by the soil drainage layers. The void ratio for conventional concrete varies from 3% to 5%, and void ratio of porous concrete can go up to 15% to 40%. The main difference between conventional concrete and porous concrete is its compressive strength and permeability. In porous concrete strength is low and permeability is very high and unit weight of porous concrete is lower than conventional concrete. (Wanielista, M., & Chopra, M., 2007) Review of history on concrete making reveals that manufacturing of the porous concrete was very old and porous concrete is not a new technology. It was used in 1852 in Europe. In 1923, Porous concrete was popularly used for residential building construction in different area such as West Africa, Middle East, Venezuela, Australia, and Russia. In those years cement was scare therefore people compelled for using porous concrete because of less consumption of cement compared to conventional concrete. (Wanielista,M., & Chopra, M., 2007). During 1970's its use became popular in United States, due to its less cost and ability prevent runoff and absorb storm water. After that Porous Concrete spread around the world for its use in different construction applications. (Ghafoori, 1995) . The compressive strength of porous concrete is significantly affected due to high presence of voids, but it can be improved by using smaller sized aggregates, also compressive strength can be increased by using well graded small size aggregates by adding more than 10% fine aggregate. (Singh, R& Sidhu, A., 2005) Porous concrete is having many applications but the only drawback is, it lacks durability. Due to this constraint, the use of porous concrete is restricted ISSN: 2348 -8352 www.internationaljournalssrg.org Page 28
to low traffic volume roads like path ways, secondary roads and parking areas.
Due to rapid development and urbanization, in city's most of the area is covered either by cement concrete or bitumen surfaces and affecting the runoff and the ground water table. Use of porous concrete or no-fines concrete is an innovative way for storm water management, treatment, control, and to reduce water runoff. This concrete consists of Portland cement, water, coarse aggregate, and same of percentage of fine aggregate. The porous concrete is containing lot of void inside in it, which allow water to infiltrate through it easily. This concrete due to restricted fines content could develop voids between 15 to 40 %, unlike conventional concrete. Porous concrete has got its extensive application in use for reduced runoff on city roads and tremendous ability to recharge ground water. There are many advantages of pervious concrete such as its high permeability unlike conventional concrete, low weight, less shrinks, management and reduction of storm water runoff, reducing ground water pollution, reduced heat island effect, and reduce of surface ponding of water. 
Aim and Objectives of the study:
The aim of the study is to evaluate the engineering properties of porous concrete for the designed mix at different % of fines and its suitability as pavement material for low traffic volume and secondary roads in Muscat. Specific objectives of the study would include:  To study the physical and mechanical properties of coarse and fine aggregates.  To study the properties of concrete for the designed mix.  To evaluate the strength properties of concrete at different % of fines.
 Evaluation of properties of concrete at different % fines as proportion of total aggregates replacement in 10% increment from 0%-40%.
II. LITERATURE REVIEW
Different researchers conducted investigations on porous concrete to evaluate their mechanical properties. Malhotra (1976) designed concrete mix to achieve permeability and conducted strength tests on cube and cylinders. Menninger (1998) conducted many experiments and determined the relationship between compressive strength and water cement ratio at different days of curing, the relationship between compressive strength and water content, and the relationship between compressive strength and Unit Weight. The author concluded the maximum compressive strength is achieved between 0.3 to 0.35 water cement ratios. Karthik H.obla (2010) carried research on pervious concrete for its use in reducing the runoff from a site and recharging ground water levels. The ratio of permeability of concrete is depended to size of aggregate and the density of the concrete Hydraulic properties of the pervious concrete were evaluated and concluded that by 20% void content in concrete is adequate to attain sufficient strength. S.O. Ajamu 
III. METHODOLOGY
The main objective of the research is to develop a cost effective storm water management technology to prevent runoff and to recharge the ground water table. Muscat the capital city of Sultanate of Oman is located in an arid region where the rain fall is very low and ground water table is deep need to conserve, whatever minimum rainfall it receives. This can be achieved by covering the secondary roads. Low volume traffic drive ways, path ways and parking areas with porous concrete rather than conventional concrete. Adopting American Concrete Institute (ACI) method, mix design is arrived to suit the strength requirements of C25-C30. The mix design adopted is presented below.
ISSN: 2348 -8352 www.internationaljournalssrg.org Page 29
A. Mix Design Calculations for C25 Concrete Grade According to the (ACI):
The mix design adopted is falling in the ranging of C25-C30. Adopting the mix design with 1:2:2.5, porous concrete is generated by replacing the fine aggregates with coarse aggregates. Initially a zero fines porous concrete is generated by replacing the total fine aggregates with coarse aggregates by adopting the mix design 1:0:4.5. To examine the improvement in strength at different % of fine aggregates as replacement of coarse aggregates, different mixes have been generated with by substituting fines in place of the total aggregate content(4.5). 
Inferences on Cube and Cylinder Testing:
 Mix proportions for normal mix design are arrived at 1:2:2.5 for a minimum target strength of 25 Mpa.  At 0% of fines the cube strength would be about 14% of the 28 day strength of normal mix.  As the % of fines increase, strength of the concrete is also increasing.  At 20% of fines with a mix design of 1: 0.9: 3.6, recorded strength of the concrete is 40% strength of normal mix  At 20% fines the permeability of the concrete is very high giving 100% free flow of storm water.  For storm water management a mix with 20% is suggested as it is giving free flow of water.  Strength obtained at 20% fines would be adequate to sustain the traffic loads expected on secondary roads and parking areas.
D. Practical Applications
Muscat city is the capital of Sultanate of Oman. City area spreads over an area of 3500Sqkm and lies along the Arabian sea in the East and Al Hajar Mountains on West. Muscat features hot and arid climate with its annual rain fall measuring 10cm. Representative rain fall data collected for number of rainy days in a month for an year is presented in Table: 6 and figure:4 Even though rain fall is very low, occasional flash floods(Pic-9) in the city are causing inundation of the areas as the residential areas are fully covered by paved roads.
There is a need to prevent runoff and recharge the ground water table by effective use of porous concrete in place of conventional concrete. For this different models in plan and section for pavement construction are developed and are presented below in Fig-5 
Fig 5-7 Pavement Models for Preventing Runoff
The models suggested in the listed figures: 5-7 are indicative and can be adopted with modifications to suit specific site conditions. In figure: 5 L1 and L2 are the lengths of the panels for normal concrete and porous concrete. The lengths of the panels may vary based on intensity of rainfall and subsoil drainage conditions. Thickness of pavement component layers h1, h2 and h3 are to be designed to suit site conditions and likely to vary based on modulus of subgrade reaction, modulus of elasticity of concrete and expected traffic loads. Similarly the parking layout in figure: 7 is an indicative model and the dimensions of the panel vary based on climatic conditions.
E. Concluding remarks
Muscat city falls in hot and arid climate zone and receives very scanty and erratic rainfall. Many a times city roads are inundated by flash floods due to poor drainage conditions. In this technical paper use of porous concrete in storm water management as an effective way to prevent run off and recharge groundwater is discussed. For this porous concrete is designed with varying % of fines ranging from 0% to 40% of total aggregates and tested for cube and cylinder strength. At 20% fines (1:0.9:3.6) porous concrete is found more appropriate and suitable for its use in low traffic volume roads and parking areas. Also pavement planning models for secondary roads and parking areas is suggested. The results presented in the paper is indicative and are for demonstration purpose only.
The highway engineer need to establish the design mix for porous concrete, for specific use to suit to the local traffic and environmental conditions and materials. 
